Abstract-During the hydraulic compression packer setting process, axial stress of the string will be generated, which may affect the safety of the string. In this paper, the double-packer string in a horizontal well is taken as the object. Considering the two packers are seated separately, on the basis of Lame formula, generalized Hooke' s law and bar deformation theory, the equations of axial force and axial stress of the string from the packers, and the deformation of the string without constraint from packers are deduced under wellhead pressure. The results show that, when packer 1 is sealed with wellhead pressure as 10 MPa, the axial stress generated on the string between the bending section and packer 1 is 49.94 MPa. When packer 2 is sealed with wellhead pressure as 15 MPa, the axial stress generated on the string between the bending section and the packer 2 is 58.05 MPa. The axial stress of the string between packer 1 and packer 2 is reduced to 15.08 MPa and the total axial stress of the string between the bending section and packer 2 is 107.96 MPa. It can be seen that packer 2 increases the axial stress on the string between the packer and the bending section when it is seated and causes the axial stress of the string between packer 1 and packer 2 reduced. Thus, the dangerous point locates between packer 2 and the curved section of the string. The axial stress near the bottom of the string is reduced and the string tends to be safe. The results can be used to provide references for the selection of horizontal string to ensure its safety.
I. INTRODUCTION
In the process of separate-layer water injection and separate-layer fracturing, the downhole string needs to be connected with multiple packers to achieve separate-layer production of oil and gas well [1] . Due to the effect of the packer sealing process, the string will deform when the downhole packer is sealed. The axial stress will occur in the string because its deformation is constrained by the sealed packer, which can affect the safety of the string. In order to ensure the safety of the downhole string and tools, it is necessary to analyze the force and length of the strings before and after packer is sealed.
In the 1960s, Lubinski first analyzed the force and deformation of a string with a single packer. He studied the axial deformation of the single-packer string under the four effects based on Hooke's law and the spiral buckling theory of string [2] . In the 1980s, Hammerlindl further studied the stress and deformation of double-packer string [3~4] . In 2001, Qindao Li systematically analyzed and discussed the force and deformation of single-packer string [5~6] . There are also many domestic and foreign experts and scholars studied the packer string later, but most of them only focus on the packer string in vertical wells and intubation packers, which is relatively simple [7~10]. In 2014, Zhanguo Lv conducted the mechanical analysis of the multi-hydraulic compression packer string in a horizontal well. He only researched the influence on the force and length of the string when each packer was sealed, while ignoring the interaction between the various packers [11] . Considering the shortage of existing research, in this paper the double-packer string and the hydraulic compression packers in a horizontal well are taken as the object. Considering the influence of the later sealed packer on the force and length of the string and previous sealed packers, the equations of the axial force and axial stress of the string from the packer under wellhead pressure are deduced. Besides that, the deformation of the string without packer is also deduced.
II. RESEARCH SCOPE AND BASIC ASSUMPTIONS

A. Research scope
In this paper, double-packer string in a horizontal well, hydraulic compression packers and a uniform string are taken as the object.
B. Basic assumptions
The basic assumptions adopted are: The well is filled with liquid; ignoring the weight of string; ignoring the buckling deformation of string; when the packer is seated, it is pushed by successive steps; the packer is named from the bottom of the well, i.e. packer 1, packer 2, respectively.
Based on the assumptions, the diagram of double-packer string in a horizontal well is shown in Fig. 1 . h is the depth of the wellhead to the horizontal section. The distance between the end of the bending section and packer 1 is L; the distance between packer 1 and packer 2 is L 1 , called the first section string; and the distance between packer 2 and the end of the bending section is L 2 , called the second section string. 
Where, p 0 is the outside pressure of the string at the bottom, MPa; D is the outside diameter of the string, m; d is the inside diameter of the string, m; d i is the diameter in an arbitrary place of the string, m; p 1i is the downhole pressure caused by wellhead pressure, which can be calculated as follows：
Where,  i is the density of the liquid in the string, kg/m 3 .
Because of the above two stresses, the string will conduct radial deformation, which will arise axial deformation. According to the generalized Hooke 's law, the axial strain of the horizontal section string is [13] :
Where, E is the elastic modulus of the string, MPa;  is the Poisson's ratio of the string;
 1z is the axial stress of horizontal section string, MPa.
The axial deformation is:
Assuming that the horizontal section string has no constraint from packer 1, that is, the string is not subjected to axial force, then the string will be free to deform. At this time the axial stress  1z of the string is zero.
Substituting zero in (5) for  1z , we can obtain:
Because of the bending friction and the packer 1 constrained each ends of the horizontal section string, the axial deformation of the horizontal section string was limited, so that the axial restraining force was generated on the string from the packer 1. This axial force makes the deformation of the string is zero, i.e. L=0.
Substituting zero in (5) for L, we can obtain:
The corresponding axial force is:
Where, A s is the cross-sectional area of the string, m 2 .
IV. MECHANICAL ANALYSIS OF STRING WHEN PACKER 2 IS SEATED
During the process of packer 2 setting, a larger ball is put from the wellhead into the balloon of the packer 2 and then the wellhead pressure p 2 is applied. Also, the radial stress  2r and circumferential stress  2 in the second section string will be generated.
Because of the above two stresses, the second section string will conduct radial deformation, which will arise axial deformation. According to the generalized Hooke 's law, the axial strain of the second section string is:
Where,  2z is the axial stress of the second section string,
MPa.
Because of the bending friction and the packer 2 constrained each ends of the second section string, the axial deformation of the string was limited, so that the axial restraining force was generated on the string from the packer 2. This axial force makes the deformation of the second section string is zero, i.e. L 2 =0.
Substituting zero in (10) for L 2 , we can obtain:
Where, p 2i is the downhole pressure caused by wellhead pressure p 2 , MPa, which can be obtained when substituting p 2 in (3) for p 1 .
The horizontal section string with two packers is now simplified as a simple beam, as shown in Fig. 2 . In the figure, the first constraint from left to right is the bending friction on the string, the second constraint is the packer 2 to the string, and the third constraint is the packer 1. If the constraints from the packers 1 and 2 are removed, the second section string will be free to deform under the action of the wellhead pressure p 2 . At this time the axial stress  2z of the second section string is zero.
Substituting zero in (10) for  2z , we can obtain:
If the constraint from the intermediate packer 2 is removed without removing the constraint from the packer 1, the length of the horizontal section string will remain constant under two constraints from the bending section and the packer 1 when the wellhead pressure p 2 is applied, but the axial deformation will be generated on the second section string, assuming the deformation is shortening and the size is L 2 ', as a result the first section string will elongate, assuming the deformation is L 1 '.
From the above analysis, it can be seen that a "virtual axial force" which has the same size as F 2 and opposite to F 2 is generated on the position of packer 2 when the constraint from the packer 2 is removed. The force shortens the second section string and elongates the first section string, and the deformation is L 2 ' and L 1 ' , respectively, as shown in Fig. 3 . Fig.3 The diagram of removing the packer 2 constraint In the figure above, the axial force F 21 is generated from the bending section, and the axial force F 22 is generated from the packer 1. Assuming the rightward axial force is positive, then by the static balance of the conditions, we can obtain:
Because of the above equation has one known force F 2 and two unknown forces F 21 and F 22 , the simple beam structure is a statically indeterminate structure.
According to the above analysis, we can obtain the deformation coordination equation is:
And physical equation:
Substituting (16) and (17) into (15), we obtain:
Simultaneous (14) and (18) It can be seen that the axial restraining forces from the bending section and the packer 1 are F 21 and F 22 respectively, but all opposite to the direction shown in Fig. 3 when the constraint from the packer 2 is present.
From the above analysis, it can be seen that a leftward axial force is generated on the string from the packer 1 when the packer 2 is seated, so that the axial force generated on the horizontal section string from the packer 1 is changed. We can obtain:
V. SAFETY EVALUATION It can be seen from the above analysis, when the two packers are sealed, the axial stress of the string between the end of the bending section and the packer 2 is:
The axial stress of the string between the packer 2 and packer 1 is:
Using the fourth strength theory of material mechanics to check:
When check the first section string, the axial stress in (24) is obtained from (23), and the radial stress and the circumferential stress in (24) are obtained from (1) and (2), respectively. When check the second section string, the axial stress in (24) is obtained from (22), and the radial stress and the circumferential stress in (24) can be obtained by substituting p 2i in (1) and (2) for p 1i .
VI. CALCULATION EXAMPLE
The depth h of the horizontal well is 4000 m, the distance L 2 between the end of the bending section and the packer 2 is 600 m, the distance L 1 between the packers 1 and 2 is 400 m, the outside diameter D of the string is 88.9 mm, the inside diameter d of the string is 76 mm, the Poisson's ratio  is 0.3, the elastic modulus E is 2.1×10
11 Pa, the permissible stress is 758 MPa, the completion fluid density is 1.2×10 3 kg/m 3 , the pressure p 0 outside the string at the bottom is 20 MPa, the wellhead pressure when the packers 1 and 2 are seated is 10 MPa and 15 MPa, respectively.
A. Calculations of force and deformation of string when the packer 1 is sealed
From the (6), when there is no constraint from packer 1, the axial deformation of the horizontal section string is:
From the (7), the axial stress of the horizontal section string is: 
B. Calculations of force and deformation of string when the packer 2 is sealed
From the (13), when there are no constraints from packers 1 and 2, the axial deformation of the horizontal section string is:
From the (11), the axial stress of the second section string is: From the (21), when the packer 2 is seated, the total axial force generated on the horizontal section string from the packer 1 is: It is less than the permissible stress of 758 Mpa, thus the first section string is safety.
2) Strength check of the second section string
From the (1) and (2), the radial stress and the circumferential stress is: It is less than the permissible stress of 758 Mpa, thus the second section string is safety.
VII. CONCLUSIONS
(1)During the hydraulic compression packer setting process, the radial stress and the circumferential stress on the string will be generated, resulting in axial deformation of the string is generated.
(2)Because of the packer constrains the string, limits the axial deformation of the string, the axial deformation is converted into the axial restraining force on the string from the packer, resulting in axial stress of the string is generated.
(3)The later sealed packer increases the axial stress on the string between the packer and the bending section when it is seated and causes the axial stress of the string between the packer and previous sealed packer reduced. Thus, the dangerous point locates between the later sealed packer and the curved section of the string. The axial stress near the bottom of the string is reduced and the string tends to be safe.
